Aim: To investigate the association between Chlamydia pneumoniae infection and mortality from coronary heart disease, a nested case-control study was conducted for 39,242 Japanese who participated in the JACC Study. Methods: Immunoglobulin A and G titers of C. pneumoniae were measured in stored serum samples collected from 209 patients (113 men and 96 women) who subsequently died of coronary heart disease after 13-year follow-up; and 209 controls matched for gender, age ( 5 years) and area of residence. Results: After adjustment for high-sensitive CRP and other cardiovascular risk factors, the multivariate odds ratio (OR) of coronary heart disease for highest vs. lowest tertiles of IgA titers was 2.69 ( 95%CI, 1.00 − 7.20), p 0.049 for women and 0.58 (0.23 − 1.46) , p 0.25 for men (p for interaction 0.03). A similar association was observed by high ( ) vs. low ( / ) titers of IgA: multivariate OR was 4.09 (0.86 − 19.4), p 0.07 for women. Conclusions: Since high IgA titers indicate persistent and repeated infection, such a state is associated with an increased risk of coronary heart disease mortality for women. Thromb, 2010; 17:510-516. 
Introduction
No apparent etiology for onset is found in approximately half of all cases of coronary heart disease, since it does not have established risk factors, cess 6) . C. pneumoniae infection is often asymptomatic and heals spontaneously in most cases. Antibodies against C. pneumoniae are present in over 60% of adults. Since the antibody does not prevent reinfection, individuals may suffer repeated infection, resulting in clinical and subclinical infections throughout their life 7) .
A cross-sectional study by Saikku et al. 8) showed a high prevalence and high titers of C. pneumoniae antibodies among patients with coronary disease, prompting further research on the relationship between C. pneumoniae and cardiovascular disease. Some studies showed C. pneumoniae in human arteriosclerotic plaques, which were previously thought to be sterile, using electron microscopy 9, 10) . Furthermore, Ramirez et al. 11) isolated C. pneumoniae from the coronary arteries of patients who underwent heart transplantation due to severe coronary lesions, while Maass et al. 12) demonstrated C. pneumoniae in the intima of resected coronary arteries. Subsequent serological studies correlated C. pneumoniae infection with coronary and carotid atherosclerotic findings 13) .
Several prospective cohort studies have demonstrated a relationship of C. pneumoniae with the incidence and mortality of coronary heart disease [14] [15] [16] [17] ; however, these studies were conducted in Western countries. To our knowledge, no prospective studies addressing this issue have been performed in Asian countries, although cross-sectional studies by Kinjo et al. 18) and Sawayama et al. 19) showed a relationship between a high IgA titer for C. pneumoniae infection and the prevalence of acute myocardial infarction. The present study followed about 120,000 healthy adults in 45 regions of Japan to investigate the prospective relationships between C. pneumoniae infection and ischemic heart disease mortality.
Materials and Methods

Study Cohort and Baseline Questionnaire
The Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) was sponsored by the Ministry of Education, Culture, Sports, Science, and Technology of Japan. It began in 1988 − 1990 when 110,792 individuals (46,465 men and 64,327 women) aged 40 − 79 years completed self-administered questionnaires on their lifestyle and medical histories with regard to cardiovascular disease and cancer. These participants were enrolled from 45 communities across Japan, and were sourced mostly from municipal health screening programs according to the Health Law for the Aged. The sampling methods and protocols of the JACC Study have been described pre-viously 20) . A total of 39,242 subjects (35.4% of the questionnaire respondents) provided blood samples after giving individual informed consent 20) . After 557 men and 916 women with a history of cardiovascular disease or cancer at baseline had been excluded, 37,769 subjects (13,282 men and 24,487 women) were enrolled in the study presented here, which was approved by the Ethics Committee of the University of Tsukuba, and Osaka University.
Mortality Surveillance
The participants were followed up to determine mortality from cardiovascular disease until the end of 2003, except for 4 communities in which follow-up had ended in 1999.
To determine cohort deaths, investigators conducted a systematic review of death certificates, which were forwarded to the local public health center in each community. Mortality data were collected centrally by the Ministry of Health and Welfare, and underlying causes of death were coded for the National Vital Statistics according to the International Classification of Diseases, Ninth Revision (ICD-9) from 1988 to 1994, and then according to the Tenth Revision (ICD-10) from 1995 to 2003. Registration of death is required by Family Registration Law in Japan and is believed to be complete across the country. Therefore, mortality rates in the cohort were ascertained by death certificates from a public health center, except for participants who died after moving from their original community, in which case the subject was treated as censored.
Nested Case-Control Study
This study was composed of 39,242 individuals from the larger JACC study to assess the relationship between C. pneumoniae infection and mortality from ischemic heart disease. Death certificates were used to identify cases of ischemic heart disease as the underlying cause of death (410 to 414 under ICD-9 and I20 to I25 under ICD-10), and these cases were matched for gender, age ( 5 years), area of residence, and age of stored serum sample. The study was approved by the ethics committees of Nagoya University and the University of Tsukuba.
Laboratory Methods
Blood samples were centrifuged and serum was stored at 80 until analysis. Serum C. pneumoniae immunoglobulin IgA and IgG antibodies were measured using commercial enzyme-linked immunosorbent assay (ELISA) kits (Hitazyme C. pneumoniae antibody -IgA and -IgG kits; Hitachi Chemical, Tokyo, Japan). The sensitivity and specificity of this ELISA system was verified previously by comparison with titers measured using a microimmunofluorescence test, which is considered the standard method for measuring antibodies to C. pneumoniae 21, 22) .
Serum total cholesterol levels were measured by the cholesterol oxidase HDAOS method in an automatic analyzer (Hitachi 7250; Hitachi Medical Corp, Ibaraki, Japan). Serum HDL-cholesterol was measured by the Modified Enzymatic Method (Hitachi 7600-210; Hitachi Medical), and serum high-sensitive C-reactive protein (hs-CRP) was measured by immunonephelometric assay on a BN ProcSpec analyzer (Dade Behring, IL, USA). These assays were outsourced and conducted by the Kotoh Research Institute (Tokyo, Japan).
Statistical Analysis
We obtained information on cigarette smoking, alcohol intake, history and medication use for hypertension and diabetes mellitus through self-administered questionnaires. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . Hypertension and diabetes mellitus were defined as self-reporting histories of these diseases and/or medication use.
The paired Student's t -test was used to compare the mean values of baseline cardiovascular risk factors between incident cases and controls. The odds ratio of coronary heart disease was estimated according to tertiles ( 0.95, 0.95 − 1.90, and ≥ 1.91 for lgA, and 1.67, 1.67 − 2.87, and ≥ 2.88 for lgG) and three categories ( / , and , corresponding to 1.10, 1.10 − 2.99 and ≥ 3.00, respectively for both lgA and lgG) of C. pneumoniae antibody IgA and IgG titers by logistic regression analysis after adjustment for age (year), BMI (kg/m 2 ), current smokers (yes), alcohol intake (g/day), serum total and HDL-cholesterol (mmol/L), history of hypertension and diabetes (yes), and hs-CRP (mg/dL). Interaction of sex between IgA titer and mortality from coronary heart disease was tested by logistic regression model using a product term of sex and the IgA titer category. P-values for statistical significance were two-tailed and confidence intervals (CIs) were estimated at the 95% level.
Results
During the 13-year follow-up, 209 deaths (113 men and 96 women) due to coronary heart disease were documented, and 209 controls were chosen by matching gender, age ( 5 years), and area of residence. The mean age of the deceased subjects was 67.7 years for women and 64.2 years for men ( Table 1) . Compared with the controls, the proportion of hypertension, diabetes and median hs-CRP levels was significantly higher among the deceased group. No significant differences in mean alcohol intake or HDL cholesterol were identified. Similar trends were observed in both men and women. Table 2 lists the odds ratios of coronary heart disease mortality according to tertiles of IgA and IgG titers for C. pneumoniae. IgA and IgG titers tended to be positively associated with the risk of mortality from coronary heart disease for women but not for men: the multivariate odds ratios (OR) for highest versus lowest tertiles of IgA and IgG titers were 2.51 (0.98 − 6.45), p 0.056 and 1.66 (0.59 − 4.65), p 0.33, respectively for women, and 0.76 (0.34 − 1.69), p 0.50 and 0.79 (0.37 − 1.67), p 0.54, respectively for men (p for interaction 0.03 for IgA, and 0.16 for IgG). After Table 3 ).
Discussion
The present prospective nested case-control study showed that higher serum levels of C. pneumoniae IgA titers above the median tended to be associated with a higher risk of coronary heart disease mortality. This positive association was primarily observed for women, with an approximately 2.5-fold higher risk after adjustment for cardiovascular risk factors. High C. pneumoniae IgG titers were not significantly associated with a risk of coronary heart disease in either gender.
The stronger association with IgA titers than IgG titers was consistent with the findings from a previous cross-sectional study 18) and prospective studies [14] [15] [16] [17] 23) . High IgA titers indicate persistent and repeated infection while high IgG titers indicate past infection since the half-life of IgA was approximately one week and that of IgG was years 17) . It is unknown why the association between IgA titers and mortality from coronary heart disease was confined to women in the present study. Several studies have shown a significant association for men 17, 23) and for both genders 24) , but no other study has reported a significant association for women.
Parous women had higher IgA and IgM C. pneumoniae titers than nulliparous women 25) . C. pneumoniae infection has been suggested to contribute to the development of gestational hypertension and preeclampsia [25] [26] [27] . Repeated C. pneumoniae infection in the reproductive years of women might enhance the development of coronary heart disease.
The associations between C. pneumoniae infection and coronary heart disease mortality in our study were basically not affected by hs-CRP levels, suggesting that the effects of C. pneumoniae infection on the development of fatal coronary heart disease are Adjusted for age, sex, body mass index (kg/m 2 ), alcohol intake (never, ex-and current), current smoking (yes), serum total and HDL-cholesterol (mmol/L), and history of hypertension (yes) and diabetes (yes).
Further adjusted for serum C-reactive protein (mg/L).
unlikely to be mediated by CRP. This notion was supported by the fact that C. pneumoniae is unlikely to cause systematic inflammation 28) . Experimental studies indicated that C. pneumoniae infection induced the production of cytokines from endothelial cells 29) , endothelial dysfunction 30) , and their lipopolysaccharide activated platelets 31) , leading to atherosclerosis and thrombogenesis. C. pneumoniae infects and colonizes the mucosal epithelia of the pharynx and trachea, multiplying in epithelial cells and then destroying the host cells and infecting neighboring epithelial cells. C. pneumoniae may reach the circulation and thereby arteriosclerotic plaques via the following two mechanisms: 1) bacteria in the respiratory system are phagocytosed by alveolar macrophages, which then migrate to the blood as infected monocytes, reaching early lesions such as coronary artery plaques; and 2) C. pneumoniae antibody binds bacterial proteins to form immune complexes that are then deposited at the vascular wall to induce endothelial injury and atherosclerosis 3, 32) . Therefore, persistent and repeated C. pneumoniae infection is likely to acceralate the development of atherosclerosis and to raise the risk of coronary heart disease.
In conclusion, since high IgA titers of C. pneumoniae indicate persistent and repeated infection, such a state is associated with an increased risk of CHD mortality in women. , Adjusted for the same variables as shown in the footnote of Table 2 .
